The comparative analysis of the 16s ribosomal ribonucleic acid (rRNA) of Geodermatophilus obscurus DSM 43060 and Dermatophilus congolensis DSM 43037 revealed that these members of the family Dermatophilaceae were only remotely related. While G . obscurus represented an individual and separate line of descent within the phylogenetically defined order Actinomycetales, D . congolensis was closely related to representatives of Arthrobacter, Micrococcus, Cellulomonas, Brevibacterium, Promicromonospora and Microbacterium.
INTRODUCTION
The family Dermatophilaceae is one of the eight families constituting the order Actinomycetales (Gottlieb, 1974) . The Dermatophilaceae harbours two genera, Dermatophilus and Geodermatophilus, each with a single species, D. congolensis and G . obscurus, respectively. Geodermatophilus was included in the Dermatophilaceae by Luedeman (1968) , mainly on the basis of a single morphological character, namely the ability to divide in transverse and longitudinal planes to form masses of cuboid cells. Quoting Roberts (1981) , 'This may be an excessive significance to attach to a simple structural characteristic. . .'.
The two species are identical only in peptidoglycan type (Lechevalier et al., 1971) , while they show significant differences in DNA G + C content (Samsonoff et al., 1977) , in whole cell sugars and phospholipid composition (Lechevalier & Lechevalier, 198 1) and in their morphological development (Roberts, 1981) . As pointed out by Samsonoff et al. (1977) the significant difference in the DNA G + C content of about 15 mol% makes it unlikely that G . obscurus and D. congolensis are representatives of two closely related genera. Doubt has also been cast on the specific relatedness of G . obscurus and D. congolensis by the results of a numerical taxonomic study (Goodfellow & Pirouz, 1982) . The question is whether the two genera are phylogenetically more closely related to each other than to any organism of another family. Only then can one say that Dermatophilus and Geodermatophilus are members of one family in the phylogenetic sense.
One of the well-established, reliable methods of elucidating relationships at the family level is the comparative analysis of 16s ribosomal RNA. We have recently applied this method to the determination of the degree of natural relationship within the broad group of actinomycetes and coryneform organisms, including G . obscurus (Stackebrandt et al., 1983) : G . obscurus was found to represent an individual line of descent within this group. We now present the results of 16s rRNA anapsis of D. congolensis, showing that this species is more closely related to Arthrubacter and related taxa than to G. obscurus.
E. S T A C K E B R A N D T , R . M . K R O P P E N S T E D T A N D V . J . F O W L E R METHODS
Organism and cultivation. Dermatophilus congolensis DSM 43037 (= IMRU V-1240 = A. Seino A-0081) was obtained from the Deutsche Sammlung von Mikroorganismen (DSM), Gottingen, F.R.G. The identity of this strain was confirmed by the DSM by morphology, analysis of the peptidoglycan and the presence of madurose (Lechevalier & Lechevalier, 1981) . The strain was cultivated in 600 ml of a malt extract (Merck)/yeast extract (Oxoid)/glucose broth (1 : 0.4 : 0.4%, w/v) for 16 h at 37 "C.
26s rRNA analysis. Cells were broken by passing through a French pressure cell. The isolation of 16s ribosomal RNA followed the methods described by . Controlled digestion of RNA with RNAase T I , dephosphorylation of the 3' end of oligonucleotides with alkaline phosphatase from calf intestine, enzymic in vitro labelling of the 5' ends with [y-3ZP]ATP and polynucleotide kinase, and the determination of the nucleotide sequences, followed the description of Stackebrandt et al. (1982a) . Binary matching coefficients (SAB values) were calculated according to Fox et al. (1977) . A dendrogram was generated from the S,, values by average linkage (between the merged groups) clustering.
Whole cell sugar, fhtty acid and menaquinone analysis. Isolation and identification of whole cell sugars were done as described by Kroppenstedt (1977) . Fatty acids were isolated according to Minnikin et al. (1975) and the composition determined using described methods (Kroppenstedt & Kutzner, 1978) . The isolation of menaquinones followed the method of Collins et al. (1977) , modified by Kroppenstedt (1983) ; their identification was carried out by HPLC (Kroppenstedt, 1983) .
RESULTS A N D DISCUSSION
The oligonucleotide catalogue of the 16s rRNA of D. congolensis DSM 43037 is listed in Table  1 , column 1. The presence of the oligonucleotides in catalogues of 18 strains of Arthrobacter and related taxa, 3 strains of Corynebacterium, 7 strains of Mycobacterium, Nocardia and Rhodococcus, 4 strains of Actinoplanes and related taxa, 6 strains of Streptomyces and related taxa, Streptosporangium roseum DSM 43021, Thermomonospora curvata DSM 43 183 and G. obscurus DSM 43160 are shown in columns 2-9, respectively. Each column represents an individual line of descent within the phylogenetically defined group of the order Actinomycetales (Stackebrandt & Woese, 1981 ; Stackebrandt et al., 1983) . Of the 67 oligonucleotides constituting the 16s rRNA catalogue of D. congolensis, 28 are also present in the catalogues of almost all strains of the taxa listed in columns 2-9, indicating that these oligonucleotides are highly conserved in the primary structure of the 16s rRNA of these organisms, and hence without significance in determining specific relationships. By far the highest number of additional identical oligonucleotides (1 7) is found between the catalogues of D . congolensis and at least 50% of the strains of that cluster defined by Arthrobacter and related organisms (Table 1 , column 2). The number of additional common oligonucleotides between the catalogues of D. congolensis and the other phylogenetically defined groupings (columns 3-9) are much lower (8-12); D. congolensis and G. obscurus share only 9 common oligonucleotides in addition to the conserved ones.
The binary matching coefficients ( S A B values) for D . congolensis DSM 43037 and representatives of the phylogenetically defined groupings listed in Table 1 , columns 2-9 are given in Table 2 . Figure 1 is a dendrogram, calculated from the S,, values. A more detailed picture of the phylogeny of the various groupings has already been published (Stackebrandt & Woese, 1979 , 1981 Stackebrandt et al., 1980 Stackebrandt et al., , 1983 .
Dermatophilus congolensis DSM 43037 shows similar high S A B values to representatives of Arthrobacter, Micrococcus, Cellulomonas, Promicromonospora, Brevibacterium and Microbacterium. The average linkage clustering, however, indicates that D. congolensis is slightly more closely related to species of a subcluster defined by the first four genera. No specific relationship can be detected between D . congolensis and G. obscurus: the degree of relationship found for the two species is only as high as that found between any two species of different main sublines within the order Actinomycetales.
The rather low degree of relatedness found between D. congolensis and G. obscurus is also seen in the lack of similarity of chemotaxonomic properties (Table 3) .
Dermatophilus congolensis DSM 43037 possessed tetrahydromenaquinones with eight isoprene units [MK-8(H4)] as sole component, while G. obscurus contained tetrahydromenaquin- Phylogeny of Derma top h ilaceae 35 % were composed of almost equal amounts of C 16, C 17 and C 18 monounsaturated branched components. In contrast, G . obscurus had small amounts of straight-chain, anteiso branched and monounsaturated branched fatty acids (20, 19 and 5%, respectively) while 52% of total fatty acids were iso-branched components (i-14 : i-15 : i-16 : i-17 in ratios 4 : 26 : 20 : 2%). Differences were also found in the whole cell sugar composition: D. congolensis contained madurose (Lechevalier and Lechevalier, 1981) in addition to smaller amounts of glucose and ribose, while in agreement with Lechevalier & Lechevalier (1981) no sugar of diagnostic value was found in G .
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which contained only small amounts of galactose, glucose and ribose. Dendrogram derived by average linkage clustering using a Dice-type similarity coefficient, S,, (Fox et al., 1977) . Kloos et al. (1974) ; d, Stackebrandt et al. (19826); ; f, Schleifer & Kandler (1972) ; g , Collins & Jones (1981); h, Kroppenstedt (1977) ; i, Collins et al: (1982 The work reported here supports earlier findings concerning the genetic and phenotypical heterogeneity of the family Dermatophilaceae (Samsonoff et al., 1977 ; Goodfellow & Pirouz, 1982; Roberts, 1981) although the extent to which the two species are related could not be detected previously. Our results exclude the possibility that Dermatophilus and Geodermatophilus are members of one phylogenetically defined family. The data on G . obscurus point towards its classification in a family of its own, because of the isolated position of this species within the phylogenetic tree of the actinomycetes and related taxa. In contrast, D . congolensis cannot be defined as a genus representing a family of its own and is rather a representative of a genus which is phylogenetically equivalent to the genera of the coryneform and actinomycete group of organisms, i .e. Arthrobacter, Micrococcus, Cellulomonas, Prornicromonospora, Brevibacterium and Microbacterium. The distinct position of Dermatophilus within this group is also shown by the differences in chemotaxonomic markers ( Table 3) .
It is surprising to find an organism with such complex morphology to belong in the same phylogenetic grouping as mainly rod-shaped or even spherical bacteria. However, other morphologically fairly complex forms, such as branched or even mycelium-producing organisms, have recently been shown to be closely related to the morphologically simpler forms (Stackebrandt & Woese, 1979; Stackebrandt et al., 19826; Dopfer et al., 1982) . Our result on the relationship between D . congolensis and G . obscurus is another example of the unsuitability of morphological features in the systematics of bacteria, if a taxonomic rank above the species level is to mirror a true natural relationship.
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